ABSTRACT: Establishment of the ideal number of plant is a crucial point for obtaining maximum profits while cropping different species together. The main objective of the study was to investigate the effect of different plant populations of maize and beans, at two nitrogen levels, on the performance of the component crops. Two maize (20,000 and 40,000 plants ha -1 ) and three bean (30,000; 60,000 and 90,000 plants ha -1 ) populations were tested in a randomized complete block design with tree replicates. Grain yields of maize and beans were affected by intercropping and the effect was more detrimental to the legume mainly at the highest maize plant population. The application of nitrogen fertilizer to maize rows mitigated intercropping effect on maize at higher population (40,000 plants ha -1 ) and, at lower maize plant population (20,000 plants ha -1 ), benefited the associated beans by increasing grain yields. Land Equivalent Ratio values for grain yields of maize and beans showed that intercropping compared to sole cropping is advantageous and best indices were obtained at a bean plant population of 60,000 plants ha -1 . Key words: Zea mays, Phaseolus vulgaris, cropping system, plant density
INTRODUCTION
The optimum plant population for maize in sole cropping is 40,000 plants ha -1 under rainfed conditions in the semi-arid Northeast Brazil. Half of this population may be used in intercropping studies in row arrangements of one row of maize to two or three rows of beans (Rao & Morgado, 1984) . Lima & Lopes (1981) , in a plant population and spatial arrangement study on maize-bean intercropping, reported that intercropping was more advantageous than sole cropping and the highest Land Equivalent Ratios -LERs were obtained in the spatial arrangement of one row of maize to two or three rows of beans.
In an intercropping study under temperate climate condition, when maize at a constant plant population was intercropped with three bean plant populations, Morgado & Willey (2003) showed that competitive effect of intercrop beans on maize yields was high at higher plant populations.
Morpho-physiological differences and agronomic factors such as the proportion of crops in the mixture and fertilizer application regulate competition between component crops for growth-limiting factors (Trenbath, 1986; Russell & Caldwell, 1989) . Greater total uptake of nutrients and other growth factors by the component crops in the intercropping is the primary cause of obtaining intercropping advantage (Willey, 1979; Chowdhury & Rosario, 1994) . In a maize-cowpea intercropping Ofori & Stern (1987) found a negative interaction with the applied nitrogen and cowpea plant density. Intercropping research studies involving a cereal and a legume in the Brazilian Northeast have not considered the combined effect of fertilizer application and plant population variation (Lima & Lopes, 1981; Mafra et al., 1979; Faris et al., 1983; Cardoso et al., 1994; Morgado, 2006) .
In order to study the effects of plant population, at two nitrogen levels, on plant growth and yields of maize-bean intercropping an experiment was carried out in the semi-arid condition of the Brazilian Northeast.
MATERIAL AND METHODS
The trial was set up at Petrolina-Pe, Brazil (09º09' S, 40º22' W, Altitude: 365.5 m), in 1990. The soil was a Plinthic Haplustult, with 0.5 g kg -1 of organic N, 4.9 mmol c dm -3 K, 49.0 mg dm -3 P, 24.0 mmol c dm -3 Ca, 11.0 mmol c dm -3 Mg and a pH, in H 2 O (soil:water ratio 1:2.5), of 6.6. The climate is classified as BSwh', according to Köeppen, and annual average rainfall is 567.0 mm. The amount of rainfall recorded during the growing season (February 01 -May 31) was 105.2 mm, considered low for that time of the year. Sprinkler irrigation was used when necessary at 10 days intervals to avoid soil water deficit.
Two plant populations (20,000 plants ha -1 -M1; 40,000 plants ha -1 -M2) were used for intercropped maize and three proportions of sole cropping (30 -B1, 60 -B2 and 90,000 plants ha -1 -B3) were used for intercropped beans. The three bean plant populations were interplanted with the two maize plant populations in an additive model, resulting in three row arrangements: i) one row of maize to one row of beans (1:1); ii) one row of maize to two rows of beans (1:2); iii) one row of maize to three rows of beans (1:3) (Figure 1) . Sole treatments were included to compare the performance of intercropping related to sole cropping: maize at the highest plant population of intercropping system (40,000 plants ha -1 ) and beans at 120,000 plants ha -1 . A constant row spacing of 0.6 m was used for maize in sole and intercropping systems. Variation in plant population of intercropped maize was obtained by varying within row. Sole beans were sown on 0.3m row spacing. Row spacing for intercropped beans varied with bean population, with plants being closer to maize rows as bean population increased. All plots were 30 m 2 (3 m × 10 m). A basal dose of phosphorus and potassium, corresponding to 80 kg P 2 O 5 ha -1 and 40 kg K 2 O ha -1 , was uniformly broadcast before planting. Maize variety CMS 28 and bean variety HF 465 were sown by hand simultaneously at a high seed density, being thinned for the planned plant populations 23 days after sowing (DAS). Sole and intercropped maize were submitted to two soil nitrogen levels: 0 kg ha -1 -N1 and 30 kg ha -1 -N2.
The nitrogen was applied to maize rows as Urea (45% N) in two split, at 30 and 40 DAS. Starting from 23 DAS, at intervals of ten days, three plants each of maize and beans were cut at soil level and dried at 70ºC for dry matter determination.
At harvest time one meter at each end of all plots was discarded as border. Outsider rows of sole and intercropped maize plots were discarded and three 6 m long middle rows were harvested. Harvest rows of intercropped beans were 6.4 m long and plants of all rows were harvested. Three 5.4 m long middle rows were harvested in sole cropped bean plots. Beans were harvested 78 DAS as dry seeds, and number and weight of pod per plant, seed weight per plot and individual pod weight were determined. Maize was harvested 115 DAS and plants were cut at soil level; weight and number of cobs and weight of grain per plot were determined. Three plants with cobs of all plots were dried at 70ºC for dry matter determination.
Data Analysis
The experimental design was a randomized complete block with three replicates. The treatments consisted of a factorial combination of two maize plant populations; three bean plant populations and two levels of nitrogen fertilizer, corresponding to 12 intercropping treatments. There were three additional treatments: two nitrogen levels applied to sole maize and one sole bean treatment.
The Land Equivalent Ratio -LER is considered to be one of the most appropriate indices to evaluate the efficiency of intercropping system in producing better yields as compared with yields in sole cropping (Willey, 1985) . The index was used to assess maizebean intercropping advantages relative to sole cropping. Calculation of individual LER for maize considered yields of sole and intercropping systems at the same N level. The plant population of intercropped maize at M2 was similar to the plant population of sole cropped maize. For bean, calculation included a single sole cropping without nitrogen fertilizer.
The analysis of variance for maize at the final harvest combined the twelve factorial intercropping treatments and the two nitrogen levels applied to sole maize. A probability of 5% or less (p < 0.05) of significance was considered to differentiate effects among treatments according to the Last Significant Difference (LSD) test.
RESULTS AND DISCUSSION
Total dry matter accumulation per plant of maize in intercropping was not different from sole cropping in early stages of growth (Ofori & Stern, 1986) . Variation on patterns of dry matter accumulation of intercropped maize due to bean population was marginal, with no consistent tendency after 33 DAS. Dry matter accumulation in all intercropped maize treatments increased with application of N2 (Table 1) . Patterns for dry matter accumulation of intercropped maize show that effects of increasing maize plant population from M1 to M2 were very small given that number of plants at M2 was double of that at M1.
Competitive effect of maize at M1 and M2 on total dry matter accumulation of intercropped beans was similar in all three-bean populations at both nitrogen fertilizer levels until 43 DAS (Table 2) . After this time, individual bean plant growth improved at M1 and was always higher than at M2 in all situations, mainly at 53 and 63 DAS. The highest maize plant population brought about greater competition for natural resources, i.e. light, water and nutrients, therefore dry matter accumulation of individual bean plant was lower than at M1. Tsubo et al. (2003) confirm these findings and show that the ratio of decreases in dry matter accumulation of intercropping increases throughout the season as compared to sole cropping.
Total biomass yield of intercropped maize per unit area tended to increase with increasing maize population from M1 to M2 (Table 3) . Application of nitrogen increased dry matter yield per plant of intercropped maize at M2 in B1 and B2, and only in B3 at M1, as compared with N1 (Table 4) . It seems Table 1 -Dry matter of maize at two plant populations (M1, M2) intercropped with beans at three plant populations (B1, B2, B3) under two nitrogen levels (N1, N2).
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Days after sowing.
Differences between numbers for maize population less than 18.8 and for bean population less than 23.0 are not different according to LSD test (p < 0.05).
that bean plants at B1and B2 were not competing for available soil nitrogen in a high degree at M1, as compared with B3.
Raising bean population from B1 to B2 increased total biomass yield of intercropped maize at M1 by 14% and 17% at N1 and N2, respectively. On the other hand, the increase for B3, compared to B1 at N2, corresponded to 18%. Total biomass yield in M2 at N1 was 17% higher in B3 than with B1, being similar to N2 situation (Table 3 ). This implies that DAS (1)   B1 N1  B1 N2  B2 N1  B2 N2  B3 N1  B3 N2   M1  M2  M1  M2  M1  M2  M1  M2  M1  M2  M1  M2 - Table 2 -Dry matter of beans under three plant populations (B1, B2, B3) intercropped with maize at two plant populations (M1, M2) under two nitrogen levels (N1, N2).
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Harvest index Table 3 -Biomass, grain yield and harvest index of maize under different cropping systems and nitrogen levels (1) .
(1) N1, N2 are 0 and 30 kg N ha -1 , and M1, M2 are plant populations 1 and 2 for intercropped maize, respectively.
B1, B2, B3 are plant populations 1, 2 and 3 of intercropped beans, respectively. Differences between numbers for (3) cropping system, maize population and N level less than 2345, 957 and 957, respectively. (4) cropping system, cropping system × N level interaction less than 1028 and 839, respectively, and (5) cropping system, maize population and N level less than 5.3, 2.1 and 2.1, respectively, are not different according to LSD test (p < 0.05).
Cropping System (2) Dry matter per plant (3) Grain weight per plant (4) Cob per plant (5) Weight per cob (6)   N1  N2  N1  N2  N1  N2  N1  N2   M1 M2  M1 M2  M1  M2  M1  M2  M1 M2  M1 M2  M1 M2  M1 M2 - Table 4 -Yield attributes of maize grown under different cropping systems and nitrogen levels (1) .
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B1, B2, B3 are plant populations 1, 2 and 3 of intercropped beans, respectively. Differences between numbers for (3) cropping system, maize population and N level less than 66.4, 14.7 and 14.7, respectively, (4) cropping system, maize population and bean population less than 27.4, 11.2 and 13.7, respectively, (5) cropping system, maize population and bean population less than 0.17, 0.07 and 0.09, respectively, and maize plants might have had more nitrogen available to absorb when intercropped with beans at higher populations.
Total biomass yield of sole maize at M2 and with fertilizer was higher than under intercropping at M1 in all situations (Table 3) . Maize at M2, with the application of nitrogen and intercropped with beans at B2 showed total biomass yield significantly higher than and similar to sole cropping at N1 and N2, respectively. Nitrogen fertilizer improved total biomass yield of sole maize (Table 3) .
Dry matter yield per plant at M1 was higher in all intercropping situations as compared with M2 (Table 4 ). The higher maize population increased grain yield per unit area of intercropped maize (Table 3 ). The increase, averaged over bean population, was higher at N2 (73%) than at N1 (46%). Cardoso et al. (1993) reported an increase of 37% in grain yield for the same rate of plant population in a maize-cowpea intercropping under irrigation condition. Grain yield per plant was significantly higher in M1 than in M2 (Table 4) . This suggests an intra-specific competition for natural resources among intercropped maize plants at a higher population. Grain yield per unit area of intercropped maize tend to increase as bean population was increased from B1 to B2 (Table 3) . This is attributed to increases in grain yield and number of cobs per plant (Table 4) .
The main yield components for the increase in grain yield per unit area, due to application of nitrogen, were grain yield and number of cobs per plant (Table 4) . Intercropping decreased grain yield of maize at M1, compared with sole cropping. The rates of reduction for mean over bean population were 32% and 46% at N1 and N2, respectively (Table 3) . Similarly, Silwana & Lucas (2002) showed a decreasing intercropping effect on maize yield of 34% when maize at 20,000 plants ha was intercropped with beans at 100,000 plants ha -1 , as compared to sole maize at 40,000 plants ha -1 . At M2, grain yield of intercropped maize was not much different from sole cropping at similar nitrogen levels, but the highest yield, obtained at B2-N2, was higher than the yield for sole cropped maize at N1. This is in agreement with early findings by Francis et al. (1978) for a maize-bean intercropping, where maize grain yields did not differ between sole and intercropping systems at a constant maize population.
Grain yield per unit area of intercropped beans decreased as maize population increased from M1 to M2 (Mutungamiri et al., 2001 ) in all bean populations at N2 and in B2 at N1 (Table 5 ). Decreases were caused by reduction on number of pods per plant. Increases in bean population increased grain yield per unit area of intercropped beans, mainly at N2 in B2 and B3 at both maize populations, as compared with B1. Nitrogen applied to maize rows tended to increase intercropped beans grain yield per unit area at M1, especially in B2 and B3. Number of pods per plant was the yield component most responsible for the increase (Table 5) . It seems that beans probably benefited from the N applied to maize rows as the plants got closer to maize rows in B2 (1:2) and B3 (1:3) (Siame et al., 1997; Morgado & Willey, 2003) .
Harvest index of intercropped maize increased in all three-bean populations at both nitrogen levels as the maize population increased from M1 to M2 (Table  3) , showing that the rate of increases due to increasing maize population was higher in grain yield than in total biomass yield. This effect was different in temperate climate under rainfed conditions, where maize harvest indices decreased with increase in maize population above optimum (Morgado & Willey 2003) . Harvest index of intercropped maize tended to decrease Cropping System (2) Grain yield (3) Grain weight per plant (4) Pod number per plant (5) Weight per cob Table 5 -Seed yield and yield attributes of beans grown under different cropping systems and nitrogen levels (1) .
with nitrogen application in all bean populations at M2, and in B3 at M1 (Table 3) . Intercropping tended to decrease harvest index of maize, being lower at M1 in all the situations, except for B2 -N1, as compared with sole cropping at N1. Harvest index of maize was higher in sole than in intercropping (Oljaca et al., 2000) but declined as nitrogen fertilizer was applied (Table 3) . Maize LERs were higher at M2 than at M1 in all three-bean populations at both nitrogen fertilizer situations, because of a greater competition by higher maize population (Table  6 ). Application of nitrogen tended to decrease maize LERs in both maize populations (Ofori & Stern, 1987) . This effect was significant at M1 in all bean populations and at M2 in B3. The lower maize LERs under nitrogen fertilizer condition were brought about by higher increases in grain yield of sole cropping as compared with the increases in intercropping. Maize LERs tended to increase with increasing bean populations, and in B3 maize LER for M2 at N1 was 16% (LER = 1.16) higher than in sole cropping (LER = 1.00). Maize plants possibly made a better use of soil resources, i.e. water and nutrients, when intercropped with beans at B2 and B3.
Bean LERs increased with increases in bean population at M1 in all situations, except in B3 at N1, and at M2 only in B2 with nitrogen application. Nitrogen fertilizer tended to increase bean LERs. Increases were more evident at B2 and B3 where the bean plants were closer to maize rows. This might be attributed to the fact that bean plants possibly benefited from the nitrogen applied to maize rows (Siame et al., 1997; Morgado & Willey, 2003) . Increasing maize population from M1 to M2 decreased bean LERs. This effect was greatest at B1.
Total LERs tended to increase with increasing bean populations due to higher bean LERs and to increases in maize LERs, mainly at M1 in all situations, except in B3 at N1 level and at M2 in B2 with application of N2. Nitrogen fertilizer increased total LERs in B2 at M2 and B3 at M1. The highest total LERs at M1, 1.28 and 1.18, were obtained with B2 at N1 and N2, respectively. Both maize and bean components were higher at B2 than at B1 and B3, suggesting that maize and beans at that situation had an optimum balanced plant population and could make a better use of natural resources. At M2, the highest total LER (1.64) with nitrogen fertilizer application was also obtained in B2. For the no nitrogen-applied situation, the highest total LER (1.34) was obtained in the highest bean population (B3) where maize component had the highest LER (1.16).
As a conclusion, intercropping is more productive than sole cropping and advantage as high as 28% and 64%, were obtained at M1 and M2 respectively. Table 6 -Land Equivalent Ratio for grain yield of maize and bean intercrops and total grain yield.
Differences between numbers for (1) maize population, at same N level, and for N level, at same maize population, less than 0.12,
bean population, at same maize population and N level, less than 0.21 and (3) bean population, at same maize population and N level, less than 0.28 are not different according to LSD test (p < 0.05).
